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Hypothesis:  Finger  trauma  often  results  in  discontinuity  of  the proper  palmar  digital  nerves.  The  goal
of  this  study  was  to  retrospectively  evaluate  the  clinical  outcomes  of emergency  nerve  grafting  and  the
resulting  donor  site morbidity.
Material  and  method:  Three  women  and  13  men  who  had  been  operated  between  2008  and  2012 were
reviewed.  The  average  patient  age  was  39  years  (range  18–78).  All  were  operated  on  an  emergency
basis.  The  average  defect  was  38  mm  long  (range  15–60).  The  nerves  were  harvested  from  four  sites:
lateral  antebrachial  cutaneous  nerve  (12  cases),  banked  ﬁnger  (2 cases),  terminal  portion  of  posterior
interosseous  nerve  (1 case)  and anterior  interosseous  nerve  (1 case).  The  evaluation  consisted  of patient
questioning  and  clinical  examination  of  the treated  ﬁnger  and donor  site.  An objective  sensory  exam
was  also  performed.  The  results  were  expressed  according  to the  British  Medical  Research  Council  (MRC)
classiﬁcation.
Results: There  was  little  donor  site  morbidity  (2  cases  of  symptomatic  hypoesthesia,  1  case  of  scar  hyper-
sensitivity).  Sixty-nine  percent  of  patients  stated  that  their grafted  ﬁnger  did  not  cause  them  any  trouble
during  activities  of daily  living.  Three  patients  required  job retraining.  Pain  in  the  grafted  ﬁnger  was  0.6
(range  0–5)  on  the VAS. Normal  sensation  was  restored  in  31% of  cases  based  on the  monoﬁlament  sensory
test;  25%  had  a slight  decrease  in touch  sensitivity  and  25%  had reduced  protective  sensations.  Weber’s
two-point  discrimination  test  found  50%  normal  sensibility  (threshold  <  6  mm)  and 6% with  mediocre
sensibility  (threshold  of 6–10 mm).  On  the  MRC  grading  scale,  50%  of patients  were  at S4,  6% at  S3+,  19%
at  S3,  12%  at  S2  and 12% at  S1.
Conclusion:  There  were  56%  good  results  in  this  patient  series  (S3+/S4)  and  no patients  at S0.  Donor  site
morbidity  was  rare.  Thus  use  of nerve  grafting  is  still  a relevant  option  in  an  emergency  setting.
Level  of evidence:  Level  IV.
© 2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Injuries to the proper palmar digital nerves are very commonly
bserved in an emergency setting following hand trauma. If not
reated, these injuries can result in neuroma development and/or
ead to altered sensation in the injured ﬁnger; these conditions have
 functional impact on the injured ﬁnger and the hand itself [1,2].
hese nerve injuries can result in a nerve defect, either immediately
r after injured tissue is resected to expose healthy tissue. In these
ases, suturing the nerve under tension leads to poorer results than
erve grafting, which remains the gold standard procedure [3,4]. In
 time where the use of nerve regeneration guides is increasing, our
∗ Corresponding author. Tel.: +33 6 58 22 86 79.
E-mail address: jeremie.chevrollier@orange.fr (J. Chevrollier).
http://dx.doi.org/10.1016/j.otsr.2014.05.018
877-0568/© 2014 Elsevier Masson SAS. All rights reserved.goal was to retrospectively assess the clinical results of nerve grafts
performed on an emergency basis in a series of adult patients.
2. Material and methods
This was  a single-center, multisurgeon, retrospective study
involving all the patients presenting hand injuries with proper
palmar digital nerve defects treated with a nerve graft on an
emergency basis between 2008 and 2012. In all, 24 patients were
contacted again and invited to return to the facility for a consulta-
tion.
Every patient was treated on the same day as the injury
occurred (D0) or the day after (D + 1). Surgical loupes were used
to provide magniﬁcation during nerve suturing. In every case,
the length of the nerve graft was  the same as the length of the
nerve defect, which allowed for tension-free suturing. End-to-end
6 tology: Surgery & Research 100 (2014) 605–610
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uturing was performed using epiperineural interrupted sutures
ith non-resorbable synthetic 9–0 or 10–0 monoﬁlament suture.
very procedure was performed under regional anesthesia with
 proximal tourniquet inﬂated after the upper limb was exsan-
uinated with an elastic band. After the surgical procedure, most
atients underwent 15 days of immobilization; this period could be
hortened or extended depending on the type of associated lesions.
o speciﬁc sensory rehabilitation protocol was carried out by a
hysical therapist or rehabilitation center, only home rehabilitation
xercises were given. These consisted of desensitization through
eep scar massage and simulation by ﬁngertip contact, which were
emonstrated to patients during the follow-up visits.
Every patient was reviewed by an observer who was indepen-
ent of the surgeon who had performed the procedure. Donor site
orbidity and sensory outcome of the treated ﬁnger were eval-
ated. The patient was asked about subjective discomfort during
ork and recreational activities, activities of daily living and sleep.
his parameter was evaluated on a 4-point scale: no discomfort,
light discomfort, moderate discomfort or severe discomfort. Pain
as assessed using a Visual Analog Scale (VAS). Return to work
as evaluated. Donor site morbidity was also evaluated: pain, scar
ppearance and cosmetic sequelae, neuroma, hypoesthesia. The
atient was also asked about the donor site and injured ﬁnger.
n objective sensory exam was carried out; this consisted of the
onoﬁlament test and Weber’s two-point discrimination test. The
esults were expressed according to the Möberg, Alnot and British
edical Research Council (MRC) classiﬁcation.
Results are presented as averages with minimum and maxi-
um  values. An independent Student’s t test was  used to analyze
uantitative variables. Signiﬁcance threshold was set at 5%.
. Results
Of the 24 eligible patients, 16 were reviewed (3 women, 13 men).
he average age at the time of injury was 39 years (range 18–78).
ll the patients were operated on an emergency basis on the day of
r the day after the injury event. The average follow-up time was
7 months (range 6–56 months).
The dominant hand was injured in 63% of cases. The nerve
njuries mainly occurred in the long ﬁngers on the radial side (76%
f cases) (Fig. 1). In 56% of cases, the dominant side of the ﬁnger pad
as injured. The nerve defect was proximal to the PIP joint in 38%
f cases, distal to the PIP joint in 44% and affected both sides of the
able 1
haracteristics of the study population.
Case Age (years) Gender Injured nerve Injury level Defect (mm)  
1 78 M D3 U D 20 
2  48 M D3 R P-D 60 
3  33 F D2 R P 30 
4  26 M D3 U P-D 60 
5  59 M D3 U D 25 
6  18 M D4 U D 40 
7  36 M D3 U P-D 60 
8  23 M D1 U P 50 
9  48 F D2 R P 50 
10  55 M D2 R P 60 
11  65 M D5 U P 30 
12  46 M D3 U D 15 
13  24 F D2 R D 30 
14  26 M D4 R D 20 
15  34 M D2 U P 20 
16  42 M D2 R D 30 
:  male, F: female, D3 U: proper palmar digital nerve on ulnar side of 3rd digit, D3 R: prop
IP  joint, P-D: both proximal and distal to PIP joint, NR: not repaired, R: repaired, LACN: la
nterosseous nerve, BF: banked ﬁnger.thum b index  ﬁn ger middle  ﬁnger ring ﬁn ger li le  ﬁn ger
Fig. 1. Distribution of injured digits.
joint in 18%. The defect was  38 mm long on average (range 15–60).
In 94% of patients, the ipsilateral proper palmar digital artery was
also lacerated; it was  repaired in 19% of cases. In 56% of patients,
there was also an injury to tendon, bone or skin (Table 1).
The initial injury occurred during use of a tool in 56% of patients
and due to a wire mesh in 25% of cases. The injury was work-related
in ﬁve patients (31% of cases). Among the 13 patients were working
at the time of injury, 8 were able to return to the same occupation.
Adjustment to the job or retraining was needed in the ﬁve other
patients. In three patients, this retraining was directly related to a
sensory disorder and in the two other patients it was  due to one of
the associated injuries.
The nerve graft was harvested from one of four donor sites:
lateral antebrachial cutaneous nerve (12 cases), banked ﬁnger (2
cases), terminal portion of posterior interosseous nerve (1 case)
and anterior interosseous nerve (1 case).
Evaluation of the donor site found a relative low morbidity rate.
Three patients indicated discomfort with the site. These patients
were among the 12 who  had a portion of the lateral antebrachial
cutaneous nerve harvested. In two  cases, the discomfort was caused
by symptomatic hypoesthesia in the sensory territory of the lateral
antebrachial cutaneous nerve. In the other case, hypersensitivity
existed in the scar over the harvest site. These three patients clas-
siﬁed donor site problem as slight and non-disabling. None of the
patients stated that the harvested site had an unsightly appear-
ance. The objective clinical exam found no cases of symptomatic
neuroma and no wound healing problems. However, clinically
Dominant side Digital
artery
injury
Other
structures
injured
Site Donor Follow-up
(months)
No NR No NACL 6
Yes R Yes NACL 11
Yes NR Yes AIN 13
Yes NR No NACL 13
Yes NR Yes NACL 15
Yes NR No NACL 15
No R Yes BF 17
Yes No No NACL 18
No NR Yes NACL 27
Yes NR Yes NACL 30
No NR No NACL 32
No NR Yes BF 34
No NR Yes NACL 37
Yes R No NACL 51
Yes NR No PIN 56
Yes NR Yes NACL 56
er palmar digital nerve on radial side 3rd digit, D: distal to PIP joint, P: proximal to
teral antebrachial cutaneous nerve, AIN: anterior interosseous nerve, PIN: posterior
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bjective hypoesthesia in the sensory territory of the harvested
erve was observed in most of the patients.
The subjective results for the treated ﬁnger were satisfactory
Table 2). Eighty-eight percent of patients said they had no discom-
ort during sleep; 69% had no discomfort during activities of daily
iving and 19% had minor discomfort. Half of the patients had no
iscomfort during their recreational activities; the others consid-
red the discomfort to be minor or moderate. None of the patient
omplained of severe discomfort. The pain according to VAS for
he grafted ﬁnger was 0.6 on average (range 0–5). Seven patients
eported neuropathic pain such as paresthesia or dysesthesia. There
ere no cases of neuroma. Two patients were hypersensitive to
old.
The monoﬁlament test showed that 31% had regained normal
ensitivity, 25% had a slight reduction and 25% had reduced protec-
ive sensitivity. One patient had no protective sensation and one felt
 stinging sensation upon application of deep pressure. The Weber
est showed that 50% of patients had regained normal sensation (2-
oint discrimination of less than 6 mm),  6% had mediocre sensation
6–10 mm discrimination) and 44% had only protective sensation
> 15 mm discrimination and 1 point perceived). Based on the MRC
lassiﬁcation, 56% of patients had good results (S3+ and S4).
Statistical tests revealed a signiﬁcant relationship between
atient age and the sensory result. The average age of patients with
etter than S3 sensitivity was 34.3 versus 54.8 years for those with
ess than S3 (P < 0.05). Conversely, there was no signiﬁcant differ-
nce related to the length of the initial nerve defect. The sample size
n this study was not large enough to perform statistical testing on
linically meaningful qualitative variables.
. Discussion
Of the 24 patients who were contacted by written or verbal
eans, eight did not want to undergo clinical follow-up and sensory
ssessment, so only 16 patients could be reviewed.
In terms of the sensory results on the injured ﬁnger, 50% of the
atients had very good results (S4) and none had S0 result. These
ndings are satisfactory overall and seemed superior to the ones
eported in various published studies (Table 3). Inoue [8] reported
00% S4 results, but the study consisted of only 3 patients with
n average age of 28 years and the terminal part of the poste-
ior interosseous nerve used as a donor site. Some authors have
ypothesized that the best chance of recovery occurs when a motor
erve such as the terminal part of the posterior interosseous nerve
s used [21]. Age is known to affect nerve regrowth. Use of the
osterior interosseous nerve in younger patients can likely explain
his excellent result, but this must be conﬁrmed in a larger patient
eries. Wilgis[19] also reported good results with nearly 70% classi-
ed as S4. Other than the two above-mentioned studies, the results
ere either equal to those of our series (such as Wan’s study [4])
r worse. One potential explanation for these differences is likely
he delay between the injury event and the treatment. The cur-
ent study was fairly unique in describing results of nerve grafting
f patients with similar indications and wait time before surgery,
ore speciﬁcally primary defects that were all treated on an emer-
ency basis. The wait before surgery is a known prognostic factor
or performing nerve grafting [6,11,13,22]. However, this concept
as been challenged in several studies [2,17].
If only the good results in our study are taken into account (S3+
nd S4), the values are in the middle of those reported.
Age was found to affect the outcome, which is consistent with
ublished studies [2,6,11,17,19,23,24]. Some authors have also
entioned a relationship between recovery and the initial length
f the nerve defect [10,25,26]. As in other studies, our results did
ot support this parameter [6,16,17].: Surgery & Research 100 (2014) 605–610 607
Injuries to the associated proper palmar digital arteries are very
common. This occurred in 15 of our 16 patients. However, few of
these vascular injuries were repaired. As with the nerve, the vascu-
lar defect requires a venous bypass, which inevitably lengthens the
surgery time. Few studies have looked speciﬁcally at this aspect.
The statistical power in the current study was  not high enough to
discern any differences in nerve recovery depending on if a vas-
cular procedure was performed or not. Although vascular repair
is often recommended by experts, there are few published results
about this procedure. The Piquet [27] study seems to show that this
repair was beneﬁcial in terms of sensory recovery and cold intol-
erance. Other than the vascular injuries, other structures (tendon,
bone, etc.) were injured in 56% of cases, with no consequences on
the sensory results. We  also did not ﬁnd any signiﬁcant differences
related to the injured ﬁnger and half ﬁnger pad, which encourages
us to continue repairing all palmar digital nerves.
Other than in certain cases where it was  logical to use a certain
donor site (banked ﬁnger, posterior or anterior interosseous nerve),
the nerve harvest was  systematically carried out at the lateral ante-
brachial cutaneous nerve. This choice is justiﬁed by the similar
diameter of the lateral antebrachial cutaneous nerve and the proper
palmar digital nerve. This approach is conﬁrmed by an anatomi-
cal study by Higgins [28]. Moreover, the hypoesthesia that results
from this harvest does not affect the ulnar side of the forearm, the
typical contact area when resting the forearms; this is likely less
harmful than harvesting a graft from the medial antebrachial cuta-
neous nerve. The anterior interosseous nerve was harvested in one
patient who  presented displaced distal radius fracture in addition
to the ﬁnger injury. This nerve was harvested because ﬁxation with
a volar locking plate was  indicated.
Donor site morbidity is not insigniﬁcant. This occurred in 25% of
patients where the graft was taken from the lateral antebrachial
cutaneous nerve. This parameter is rarely taken into consider-
ation by other studies, however our results seem similar in type
and frequency to those reported in other studies (Table 3). It is
important to note that this morbidity was  not disabling and/or
did not cause discomfort in any of these patients. Dumontier[13]
reported hypoesthesia over an average of 78 cm2 of the inferior-
medial surface of the forearm in 11 patients who had a graft
harvested from the medial antebrachial cutaneous nerve, but only
one patient stated having symptoms related to this hypoesthesia.
This is consistent with other authors who  have stated that although
the morbidity induced by antebrachial cutaneous nerve harvest is
not nil, the consequences are almost trivial [17,19,20]. This is con-
trary to grafts harvested from the lower limb (sural nerve), which
seem to have more signiﬁcant sequelae. Calgagnotto[16] found a
20% rate of symptomatic neuroma in the donor leg. Ortiguela [29]
found 6% rate of symptomatic neuroma, with nearly 10% being dis-
satisﬁed with the sensory changes in the foot. Weber [10] reported
100% rate of symptomatic paresthesia on the lateral side of the foot.
Other than these sequelae, use of a donor site in the leg requires
double preparation and anesthesia other than regional anesthesia
of the upper limb.
One may  wonder about the role of nerve grafting versus an
interposition procedure with a venous graft, which has no mor-
bidity. The results of using the latter grafts, typically with smaller
defects, are no better than the results in the current study. Fewer
patients had regained S4 sensitivity than in the current study,
except for the Risitano study where 58% of urgently operated
patients had regained S4 sensitivity [30]. However the average
defect size in his study was only 15 mm,  versus 38 mm in the cur-
rent study. The length of the nerve defect seems to be a limiting
factor for venous grafting, since indications are typically made with
10–15 mm defects. Based on Strauch’s experimental study [31], a
venous graft is not recommended if the defect is more than 30 mm
long. This ﬁnding was  conﬁrmed in various clinical studies. Without
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Table 2
Summary of study results.
Case Donor site
morbidity
Discomfort
during work
activities
Occupational
status
Reason for
change in
occupation
Discomfort
during ADL
Discomfort
during sleep
Discomfort
during
recreational
activities
VAS 2PDD (mm) Alnot Möberg MRC
1 No – – – None None None 0 1 point
perceived
P  Poor S2
2  No None Same job – None None None 0 18 T Med. S3
3  No None Adjustment Other injuries None None None 1 5 D Good S4
4  No Moderate Same job – None None None 0 4 D Good S4
5  No – – – None None None 0 5 D Good S4
6  No None Same job – None None None 0 5 D Good S4
7  Banked ﬁnger Severe Redeployment Other injuries Slight None Moderate 1 19 T Med. S3
8  Hypoesthesia Slight Same job – None None Moderate 1 4 D Good S4
9  Hypoesthesia Severe Unable to work Sensory
disorder
None Slight Slight 1 6 D Good S4
10  No Moderate Adjustment Sensory
disorder
Moderate None Moderate 3 16 T Med. S3
11  No – – – None None None 0 1 point
perceived
P  Poor S2
12  Banked ﬁnger Moderate Same job – Slight None Slight 1 5 D Good S4
13  Hyperesthesia at
scar
Moderate Adjustment Sensory
disorder
Slight None Slight 0 8 T Good S3+
14  No None Same job – None None None 0 4 D Good S4
15  No None Same job – None Slight None 2 1 point
perceived
P  Poor S1
16  No Slight Same job – Moderate None Moderate 0 1 point
perceived
P  Poor S1
P: protection, T: Touch, brush with compress, D: Discrimination, 2PDD: 2-point discrimination distance, Med: mediocre, ADL: activities of daily living; VAS: pain assessed by visual analog scale.
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Table 3
Summary of relevant published studies.
Author No. of cases
Age
Gender
Time elapsed
before
treatment
Follow-up
(months)
Defect (mm) Injury level Type of graft Donor site
morbidity
MRC
S3
MRC
S3+
MRC
S4
Current study n = 16
39 years
13 M/3F
1 day 27 38 6 < IPP
7 > IPP
3
12 LACN
2 BF
1 PIN
1 AIN
2 sensory
disorders
1 scar-related
pain
3 (18%) 1 (6%) 8 (50%)
Laveaux,  2010 [5] n = 15
34 years
11 M/2F
213 days 202 18 14 < IPP
1 > IPP
13 Sural
1 BF
1 MACN
1 neuroma
2 sensory
disorders
2 (13%) 10 (67%) 2 (13%)
Calgagnotto,  2006 [6] n = 25
33 years
22 M
90 days 10 15 ? Sural 5 neuroma – – –
Meek,  2005 [7] n = 17
29 years
?
136 days > 18 24 ? Sural
MACN
1 BF
? 3 (18%) – –
Inoue,  2002 [8] n = 3
26 years
2 M/1F
195 days 10 13 3 < IPP PIN ? 0  0 3 (100%)
Buntic,  2002 [9] n = 16
45 years
?
450 days 26 51 ? Superﬁcial
ﬁbular
? 2 (14%) 1 (7%) 1 (7%)
Weber,  2000 [10] n = 8
?
?
? ? 8–30 ? MACN
LACN
Sural
? – 6 (70%) –
Wang,  1996 [4] n = 14
?
?
? > 12 31 ? 8 MACN
2 LACN
3 Sural
1 BF
? 5 (36%)
S2 to S3
2 (14%) 7 (50%)
Kallio,  1993 [11] n = 103
?
?
? ? 10–50 ? MACN
LACN
Sural
? 23 (22%) 22 (21%) 12 (12%)
Chiu,  1990 [12] n = 4
?
?
? 24 27 ? Sural ? – 4 (100%) –
Dumontier,  1990 [13] n = 16
27 years
10 M/4F
120 days 40 25 16 < IPP 11 MACN
2 LACN
2 BF
1 sensory
disorder
11 (68%)
S1  to S3
2 (13%) 1 (6%)
Nunley,  1989 [14] n = 21
29 years
8 M/6F
178 days 57 25 ? MACN 0 3 (14%)
S0 to S3
12 (57%) 6 (29%)
Mackinnon,  1988 [15] n = 33 ? ? ? ? ? ? 2 (6%) 31 (94%)
S3+ to S4
–
Greene,  1985 [16] n = 15
31 years
7 M/5F
240 days 23 24 ? DCU 0 5 (33%)
S1 to S3
6 (40%) 4 (27%)
Tenny,  1984 [17] n = 42
28 years
?
190 days 30 19 ? LACN 5 cosmetic
problems
10 (24%)
S1  to S3
15 (36%) 17 (41%)
Young,  1980 [18] n = 33
?
?
? > 6 ? ? Sural ? 20 (61%)
S1  to S3
13 (39%) S3+ to
S4
–
Wilgis,  1979 [19] n = 12
33 years
?
> 180 days > 11 16 12 > IPP LACN
Sural
0 – 3 (25%) 8 (67%)
McFarlane,  1976 [20] n = 13
38 years
?
169 days 15 22 ? LACN ? 8 (62%) S1 to S3 3 (23%)
S3+ to S4
–
LACN: lateral antebrachial cutaneous nerve, MACN: medial antebrachial cutaneous nerve, BF: banked ﬁnger, DCU: dorsal cutaneous branch of ulnar nerve, AIN: terminal branch of anterior interosseous nerve, PIN: terminal branch
of  posterior interosseous nerve
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thoughts on sensory nerve repair by autologous vein graft in emergency hand10 J. Chevrollier et al. / Orthopaedics & Trauma
 doubt, the advantage of venous grafting is that donor site mor-
idity is considered to be nil. However, Laveaux [5] reported no
igniﬁcant differences in the morbidity rate between nerve and
enous graft harvesting sites.
The major limitation of the various studies on nerve or vein
rafting is the lack of consistency in the time before surgery, donor
ite, defect size and indication. This makes it difﬁcult to compare
hem and make conclusions as to which technique is better than
he other. Some authors have compared nerve and vein grafting
ithin the same study, but here also, both primary and secondary
reatments were combined, the groups were not necessarily com-
arable and the subgroup results were difﬁcult to extrapolate to
he general population, given the small sample sizes.
. Conclusion
Nerve grafting is valid and still relevant in the emergency care
f proper palmar digital nerve defects, with more than 50% of
atients having very good outcomes. The donor site morbidity is
ot insigniﬁcant when the graft is harvested from the lateral ante-
rachial cutaneous nerve, but it is acceptable and mostly tolerated
y patients. Recourse to an alternative treatment may  be justiﬁed;
owever this treatment must provide at least equivalent sensory
esults. To dethrone nerve grafting from its position as the gold
tandard procedure, a prospective randomized study will have to
e performed to compare use of a vein graft versus a nerve graft on
wo homogeneous groups of patients in an emergency setting.
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